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Generation of S-Layer Supported Functionalized Lipid Bilayers
Angelika Schrems, Oscar Ces, Vanessa D. Larisch, Karin Dutter,
Jacqueline Friedmann, Seta Ku¨pcu¨, Christian Stanetty, Asmorom Kibrom,
Karl Lohner, Uwe B. Sleytr, Bernhard Schuster.
Protein-stabilized functional lipid membranes on solid supports are a preferred
target for pharmaceutical and technological applications. The vast interest of
such systems is attributed to the fact that nearly one third of all proteins are
membrane proteins.
In our study we present the characterization of bacterial surface layer (S-layer)
supported lipid bilayers as well as the insertion of membrane proteins or pep-
tides. Common methods to build up a lipid double layer structure are by the
rapid solvent exchange (RSE) mechanism or by vesicle fusion. Both tech-
niques lead to a dense lipid bilayer. One approach in this study is the direct
insertion of channel forming peptides which has been determined by several
surface sensitive and biophysical methods. The second approach is the live ex-
traction and transfer of membrane fragments from living cells by so called
smart droplet micro (SDM) tools within an optical tweezer manipulation set
up. The main results advocate that the
physical and chemical properties of
S-layers and slightly chemically modified
S-layers trigger lipid membrane generation
as well as the insertion of membrane pro-
teins. Overall, S-layers provide a useful
scaffold for biomimetic membranes due
to its functional properties and biological
nature.2744-Pos Board B730
Surface Electrostatics Associated with Lipid Bilayer Curvature
Maxim A. Voinov, Antonin Marek, Le Li, Alex I. Smirnov.
Spontaneous lipid bilayer bending and related curvature are being recognized
as an essential mechanism associated with many cellular functions. Experi-
mental observations indicate that tubular vesicles of just 50 to 100 nm in di-
ameter are commonly formed within the Golgi body and also between the
endoplasmic reticulum and the Golgi. While changes in various conditions
may promote the tubulation of the Golgi membrane, detailed understanding
of basic biophysical processes beyond the bilayer bending are missing in
the literature and so are convenient models of highly curved lipid tubules.
Here we report a systematic study of a surface potential for both small uni-
lamellar monodisperse lipid vesicles (SUMV) with diameters ranging from
30 to 100 nm and also lipid tubules that are stabilized by confining these
structures within rigid homogeneous nanopores of similar diameters. For ex-
ample, for SUMVs composed of negatively charged lipids the magnitude of
the surface potential increased with bilayer bending from ca. 106 mV for
100 nm SUMV to 166 mV for 30 nm SUMV. These measurements were
carried out by spin probe EPR method using recently synthesized lipids hav-
ing pH-reporting nitroxides covalently tethered to the lipid polar head. Paral-
lel differential scanning calorimetry experiments indicated the presence of at
least two components within the lipid phase. These phase components were
characterized by measurably different phase transition temperatures and cor-
relation times of the lipid thermal relaxation. Overall, the data indicate that
the bilayer bending affects the local electrostatic potential and lipid fluctua-
tion properties in a rather large degree and is likely associated with a mecha-
nism for cellular machinery function. Supported by U.S. DOE Contract DE-
FG02-02ER15354.
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Electrokinetic Determination of the Surface Potential of Tethered Lipid
Bilayers
Matteo Broccio, Paul J. Sides, Mathias Lo¨sche.
The surface potential of a membrane is involved in a number of important
physiological processes such as fusion, recognition, and solute binding. Ar-
tificial models such as tethered lipid bilayers enable us to capture several
key properties of complex biological lipid membranes such as their lateral
dynamics, molecular structure, and interactions with peripheral proteins.
Membrane electrostatics represents one further aspect for these mimics to ad-
dress. Here we demonstrate how the surface potential of tethered phospho-
lipid bilayers may be electrokinetically determined with accuracy of
a couple mV, by measuring the membrane streaming potential in a well-
defined laminar flow. Surface potentials have been determined for a variety
of lipid compositions, and compared to those obtained from the conductance
of black lipid membranes and the electrophoretic mobility of unilamellar
vesicles.2746-Pos Board B732
The Combined Effect of Electrostatic Field and Osmotic Pressure on the
Stability of Bilayer Lipid Membranes
Hayk Gevorgyan, Gagik Potikyan.
The issue of cell membrane stability is central in membranology. The extreme
complexity of cell membranes urges to study this problem using a model, a bi-
layer lipid membrane (BLM). The membranes is often impacted both by elec-
tric forces and osmotic pressure. Therefore, it is of interest to investigate the
joint activity of electric field and osmotic pressure on the stability of BLM.
In the given work the joint activity of the osmotic pressure and transmembrane
potential difference on the stability of BLM was experimentally investigated.
As the capacity parameter a mean lifetime of BLM was taken at the given mag-
nitudes of electric field and the osmotic pressure.
At first the change of the mean lifetime of BLM with increasing of potential
difference in absence of osmotic pressure was investigated. It was shown
that the activity of electrostatic field brings decreasing of BLM mean life-
time. After the influence of potential difference on BLM mean lifetime
was experimentally investigated at addition of osmotic pressure. It was
shown that a dependence curve of BLM mean lifetime with potential for
the second case is lower than in the first case. The loss of stability of
BLM at addition of osmotic pressure is conditioned by two factors: either
changing linear tension of BLM pore, changing the numbers of defects on
BLM. The analysis theoretical formula and its confrontations with obtained
data shows that the decreasing of mean lifetime of BLM at addition of os-
motic pressure can be connected with the changing of linear tension. It is
indicated that the difference in osmotic pressure of BLM does not bring
to increasing of an area.
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Thermodynamics of Chlorpromazine Association with Lipid Bilayers
Patrı´cia A.T. Martins, Adria´n Velazquez-Campoy, Winchil L.C. Vaz,
Maria Joa˜o Moreno.
Passive transport across cell membranes is the major route for the permeation
of xenobiotics through tight epithelia, such as the vascular endothelium that
constitutes the Blood Brain Barrier. The rate of passive permeation through
lipid bilayers for a given drug is therefore a critical step in the prediction
of its in vivo efficacy. This parameter is usually evaluated from the drug hy-
drophobicity with little consideration for the rate of interaction and/or trans-
location through the lipid bilayer. Our research group is developing
a global model to quantitatively describe the rate of passive permeation
through tight endothelia and one of the outcomes is that in most cases the
rate of the interaction (rather then the equilibrium partition) is the most rele-
vant parameter.
In this work we present a detailed study on the kinetics and thermodynamics for
the interaction of chlorpromazine (CPZ) with neutral and negatively charged
lipid bilayers. CPZ is an antipsychotic drug used in the treatment of schizophre-
nia and is an ideal candidate for studies of passive permeation of the BBB by
active drugs.
The partition and translocation of CPZ in lipid membranes was studied by Iso-
thermal Titration Calorimetry (ITC) and the lipid bilayers were composed of
pure POPC, POPC:POPS (9:1) and POPC:Chol:POPS (6:3:1). The charge im-
posed by CPZ in the membrane was taken into account allowing the calculation
of the intrinsic partition coefficients (KP) and the enthalpy change (DH) asso-
ciated with this process. The relative rate of the partition and translocation pro-
cesses was obtained following the uptake and release protocol [1]. A
quantitative evaluation of the rate of translocation is also given for some sys-
tems using an innovative methodology.
[1] Tsamaloukas, A. D., Keller, S. and Heerklotz, H. (2007) Nat. Prot. 2,
695-704
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Halogenated Anesthetics Impairs Biophysical Properties of a Membrane
Model of Pulmonary Surfactant
Leonel S. Malacrida, Horacio Botti, Fabiana Rochiccioli, Ana Denicola,
Arturo Briva.
Pulmonary surfactant (PS) is a complex mixture of lipids and proteins respon-
sible to protect the lung tissue from mechanical stress during ventilation, by de-
creasing alveolar surface tension. Indeed, an appropriate PS function is critical
in order to avoid alveolar collapse. There are many causes that produce PS dys-
function, lung damage and alveolar collapse. Our aim was to explore the effect
of Halogenated Anesthetics on functional PS. Sevoflurane is widely used in dif-
ferent protocols of anesthesia. However, there is little evidence of the mecha-
nisms that could explain the damage in alveolar space observed in animal
models (1). In the present study we evaluate the effect of Sevoflurane in a mix-
ture of synthetic lipids (50:50, DPPC:PC and 20% mol Cholesterol) as a model
506a Tuesday, March 8, 2011of PS. Spectroscopic tools were used to determine membrane interface polarity
and internal fluidity (dipolar relaxation and anisotropy). Generalized Polariza-
tion (3wGP) was determined by the use of Prodan probe in liposome mixtures
with and without Sevoflurane and membrane interface polarity was evaluated at
different temperatures (20-46C). In a second set of experiments, we studied
the effect of Sevoflurane on the internal core of liposomes, following changes
in anisotropy of added diphenylhexatriene. Our results indicate that Sevoflur-
ane (0.3-0.9 mM) increased the 3wGP at temperatures above 30oC. As a conse-
quence, the melting temperature has an increase of 1-2oC. This effect,
accompanied by changes in the anisotropy could explain in part our previous
observations ‘‘in vivo’’(1). Further research will be needed to have a better un-
derstanding of the biophysical mechanism involved. (1) L. Malacrida et al. Am.
J. Respir. Crit. Care Med. 181;2010:A3631.
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Tensile Forces Stabilize Observed Crista Structure in Mitochondria
Mariam Ghochani, James Nulton, Peter Salamon, Terrence Frey,
Avinoam Rabinovitch, Arlette Baljon.
Electron tomograms have revealed that, in normal mitochondria, crista mem-
brane self-assembles into a complex structure that contains both flat lamellar
and tubular components connected to the inner boundary membrane through
crista junctions. This structure with one single matrix compartment is believed
to be essential to the proper functioning of mitochondria. We present a model
from which the observed morphology of the inner mitochondrial membrane can
be inferred as minimizing the system’s free energy. Using the observed geo-
metrical features, we then predict thermodynamic properties of the system;
such properties include surface tension, pressure difference and stabilizing ten-
sile forces which have not been directly observed. Free energy of the membrane
has contributions from resistance of the membrane to bending, surface tension
and osmotic pressure difference across the membrane and assumes mechanical
forces acting on the membrane that we believe to be exerted by mechano-
enzyme protein scaffolds such as dynamin-like OPA1. To that end, a set of geo-
metric measurements from the structural features of mitochondria in Hela cells
and mouse embryonic fibroblasts were obtained. Structural features were mea-
sured from full 3D electron tomograms of mitochondria, obtained by joining
the reconstructions of up to four serial 300nm sections. The free energy model
combined with the geometric measurements predicts that a stress-induced co-
existence of tubular and flat lamellar phases are stabilized by tensile forces
of the order of 20pN (1), comparable to those measured for dynamin protein
scaffolds.(2) It also predicts the pressure differences of 0.037 þ/- 0.008atm
(pressure higher in the matrix) and surface tension equal to 0.077 þ/-
0.02pN/nm.(1)
1 M. Ghochani, J. D. Nulton, P. Salamon, T. G. Frey, A. Rabinovitch, and A. R.
C. Baljon, Biophysical Journal (2010)-Accepted.
2 A. Roux et al., Proceedings of the National Academy of Sciences107, 4141-
4146 (2010).
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Enzymatically Synthesized Feruoloyl Dioleoylglycerol: Antioxidant Be-
havior and Position in Phospholipid Vesicles
Kervin O. Evans, Joseph A. Laszlo, Karl Vermillion, Michael D. Appell.
Ferulic acid and its ester derivatives are known to be effective antioxidants and
as such have been investigated as a potential antioxidant agent for cosmetic and
pharmaceutical uses. Using immobilized Candidaantarctica lipase B we syn-
thesized ferulic acid lipophilic derivatives from vegetable oils. After synthesis
we isolated the predominate species, feruloyl dioleoylglycerol (FDOG), and in-
corporated it into model phospholipid vesicles at 1 and 5 mol percent. Mem-
brane leakage experiments showed that FDOG did not disturb the
phospholipid membrane integrity. Fluorescence quenching experiments and
molecular modeling determined that the feruloyl moiety rested within the hy-
drophobic/hydrophilic interface of the bilayer. This was further supported by
NMR analysis that showed FDOG exists with its feruloyl moiety far away
from its oleoyl groups. Lipid peroxidation inhibition and free-radical-
scavenging analysis indicated that FDOG retained its inherent antioxidant ca-
pability, possibly by intercepting aqueous-phase free radicals as they penetrate
the bilayer.
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Effects of UVA Irradiation, ARYl Azides, and Reactive Oxygen Species on
the Viral Membrane: Making Inactivated HIV Detergent Resistant
Julie M. Belanger, Yossef Raviv, Mathias Viard, Robert Blumenthal.
Previously we reported that UV-activatable hydrophobic aryl azides that parti-
tion into the hydrophobic regions of the viral membrane of enveloped viruses,inactivate the virus upon UVA irradiation with preservation of surface epitopes
(Raviv et al, J. Virol. 2005; Belanger et al. Photochem. Photobiol. 2010). Treat-
ment of HIV-1 with 1,5-diazidonapthalene, 1-iodo, 5-azidonaphthalene, 1-azi-
donaphthalene or 4,4’-diazidobiphenyl followed by UVA irradiation for 2
minutes resulted in at least 2 logs of viral inactivation, whereas treatment using
non-azido controls had no effect. Prolonged UVA irradiation (15 minutes) of
the virus with the azido compounds resulted in viral protein aggregation as vi-
sualized via Western blot analysis, due to reactive oxygen species (ROS) for-
mation. Treated HIV maintained key surface antigenic structures (recognized
by neutralizing antibodies), critical for the creation of efficient vaccines from
these inactivated virus preparations. Subsequent treatment of the ROS-
modified virus preparation with detergent indicates that the virions are partially
detergent resistant. When ROS-modified HIV virus preparations were treated
with 1% Triton X-100, there was an increase in the percent of viral proteins
(gp41, p24) in the viral pellet after ultracentrifugation through sucrose, as char-
acterized using Western blot, compared to controls. Studies are ongoing to fur-
ther characterize these preparations using electron microscopy and to extend
this method to other enveloped viruses for its use as a novel orthogonally inac-
tivated virus vaccine strategy. Funded in part by NCI Contract
HHSN26120080001E.
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Ranking Antioxidants Based on Their Effect on Human Serum Peroxida-
tion
Dov A. Lichtenberg.
Department of Physiology and Pharmacology, Sackler School of Medicine,
Tel-Aviv University, Tel-Aviv 69987, Israel.
Evaluation of the activity of antioxidants is commonly based on measurements
of the effect of the antioxidant on redox reactions conducted in a solution. Re-
actions that occur at lipid-water interfaces, as in biological membranes and li-
poproteins, differ considerably from reactions conducted in homogeneous
solutions. Hence, the relevance of the commonly-used assays (such as
TEAC and ORAC) to the antioxidative activity is questionable. The aim of
the present investigation is to develop more relevant assay. Based on our re-
sults we propose an assay based on prolongation of the lag preceding fast per-
oxidation of serum lipids. The assay employs our previously developed
procedure for determination of serum oxidizability. The effect is expressed
as a relative prolongation of the lag preceding peroxidation. It can be consid-
ered reliable because it is only marginally dependent on the specific sera sam-
ple used for an assay. The resultant ranking of antioxidants may be expressed
either as a relative prolongation of lag per 1 mM of antioxidant or as a concen-
tration of antioxidant required to double the lag. As expected, the observed
ranking order is very different from that reported for TEAC or ORAC assays,
undermining the relevance of these assays for oxidation that occurs at
interfaces.
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A proposed Means to Evaluate Liposomes Mimicking Physiological Com-
plexity for Fusion Potential
Ryan M. Sisk, Jacob W. Gauer, Anne Hinderliter.
Cell signaling pathways rely on lipid vesicles to ferry signaling molecules
within the confines of the cell, and when the signal needs to be conveyed,
this vesicle fuses with the cell membrane to release its contents. The merger
of these two lipid bilayers, and the formation of a lipidic fusion pore, is me-
diated by calcium ion and a number of proteins specific to this task. In neurons,
Synaptotagmin I is a calcium ion binding protein found tethered to neurotrans-
mitter vesicles, it is not completely understood how Synaptotagmin I interacts
with the vesicle to facilitate the fusion of these lipid bilayers. To better under-
stand how this protein and other molecules interact with membranes, an assay
study of how complex lipid vesicles destabilize in the presence and the ab-
sence of Synaptotagmin will be conducted. Carboxyfluorescein (CF) is a fluo-
rescent dye that will be used in conjunction with different lipid compositions
to determine the change in fusion potential of the membrane in the absence
and presence of protein. It is hypothesized that the presence of proteins
naturally associated within these neurotransmitter vesicles will increase the de-
stabilization of the lipid membrane. To explore this possibility, the destabili-
zation of the vesicles about the lipid gel-to-fluid transition temperature in the
presence and absence of protein will be evaluated through utilization of the
change in CF fluorescence. When CF is incorporated inside lipid vesicles, it
will not fluoresce strongly as it robustly self-quenches. Upon destabilization
of the liposome, CF’s fluorescence intensity increases as it leaks from lipo-
some and is diluted into solution. Results from this novel approach will be pre-
sented.
